We ask if a standard representative agent model with a home-production sector can resolve the equity premium or value premium puzzles. In the model, agents value market (numeraire) consumption and a home consumption good that is produced from the stock of housing, home labor, and a labor-augmenting technology shock. We construct the unobserved quantity of the home consumption good by combining observed data on numeraire consumption, hours worked in the marketplace, and rents paid on housing with restrictions of the model. We test the first-order conditions of the model using GMM. The model is rejected by the data; it cannot explain either the historical equity premium or the value premium. * For comments and suggestions, we would like to thank Sean Campbell, Josh Gallin, Jonathan Heathcote, 
Introduction
rameter restrictions on the more general home production model. In our paper, we ask if a fully unrestricted home-production model can resolve the equity premium or value premium puzzles. 3 The analysis in the paper unfolds as follows. In section 2, we derive the full set of household first-order conditions from a neoclassical representative-agent model with a homeproduction sector. In section 3, we show that with two parameter restrictions the homeproduction model collapses to a model where the stock of housing directly enters utility, and where leisure is not valued, the "housing model" studied by Piazzesi et. al. (2007) , hereafter called PST. According to our GMM test results, the housing model is rejected by the data:
It can explain almost none of the historical equity premium or (tested separately) the value premium. In section 4, we relax one of these two parameter restrictions, allowing leisure to affect utility. We call this specification the "housing model with leisure." We show that the introduction of leisure in utility does not help resolve either the equity-or value-premium puzzles.
In section 5, we test the unrestricted home production model. We document how we combine observable data with two first-order conditions of the model to derive key unobserved variables: Time spent working at home, the level of home technology, and home consumption.
We test the fully unrestricted home-production model and show that the over-identifying restrictions of the model are soundly rejected. The model is only capable of explaining about 33 percent of the historical quarterly equity premium in our sample and about 25 percent of the historical value premium in our sample. In addition, the parameter estimates we uncover in this exercise are qualitatively quite far from estimates used in macroeconomic models.
Further, our estimates imply, counter-factually in both cases, that either very little time is spent working at home (equity premium) or most time not spent working in the market is spent working at home (value premium). We conclude that a frictionless representative agent model with a home-production sector can not match either the historical equity or value premium.
A Model of Home Production
The economy consists of a continuum of identical agents who receive per-period utility u t from an aggregate of market (numeraire) consumption and home consumption, denotedĉ t , and leisure, denoted n t . The per-period utility function is
The consumption aggregate is a CES combination of numeraire consumption c m,t and home consumption c h,t ,ĉ 
with 0 < γ < 1 and ρ < 1.
Home consumption is produced with a Cobb-Douglas technology that combines home capital, k h,t , time worked at home l h,t , and labor-augmenting home technology, z h,t , with capital share ψ ∈ [0, 1], such that c h,t = k ψ h,t (z h,t l h,t ) 1−ψ .
Leisure is defined as discretionary time, normalized to 1.0, less time spent working in the market and working at home,
Each period, agents choose home work, market work, and leisure; rent home capital (at rental rate r t ); purchase numeraire consumption; and allocate their savings into one of N + 1 assets: N financial assets, and a housing asset (with purchase price p t ) that is rented out in a central market. Agents receive labor income for their market work and receive capital income from financial assets and housing they own.
The budget constraint of agents is:
R i,t is the gross rate of return earned on financial asset i and A i,t R i,t is the value of financial asset i inclusive of its period t return; r t K h,t is the return earned on ownership of K h,t units of home capital and p t K h,t is the period t value of that capital; w t l m,t is labor income from market work; c m,t is numeraire consumption; r t k h,t are current-period rental expenditures on home capital for use in period t; A i ,t+1 is the amount of financial asset i purchased to carry forward into period t + 1; and, p t K h,t+1 is the total cost of purchasing K h,t+1 units of home capital to carry forward into t + 1.
There are two features of the housing sector in this model worth mentioning. First, agents in our model pay no adjustment or moving costs if they change the amount of housing they own or rent. This is a standard assumption in macroeconomic studies of residential investment (see Davis and Heathcote 2005 , for example). Second, rather than specify all households as owner-occupiers, we assume that households rent their home capital each period from a decentralized market. This renting-owning distinction is without loss of generality, it allows us to derive an explicit rental price r t for housing, and the accounting is consistent with treatment of housing expenditure data in the National Income and Product Accounts (NIPA), data we use in estimation.
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Agents solve the following problem
subject to the budget constraint (6) holding each period.
Denote the period t Lagrange multiplier on the budget constraint as λ t . The optimal first-order conditions for households are as follows:
Notice that equations (12) and (13) are equivalent, in the sense that all assets must pay the same risk-adjusted rate of return: The total return to owned housing is (r t+1 + p t+1 ) /p t .
Our main focus is to test if the model can explain the historical premium paid to a portfolio of stocks over 3-month Treasury Bills (the "equity premium") and the premium paid to a portfolio of small-cap value stocks over a portfolio of large-cap growth stocks (the "value premium.") We test the model three times. First, we study a "housing model", identical to that of PST, by setting ν = 0 and ψ = 1 (implying inelastically supplied market labor), so home consumption is linearly proportional to the stock of home capital. This eliminates equations (9) and (10) from the above system. Second, we allow households to enjoy leisure, our "housing model with leisure," such that ν > 0, thus re-introducing equation (9) as a first-order condition, but keeping ψ fixed at 1. Finally, we test the unrestricted home production model.
3 Housing Model: ν = 0 and ψ = 1
We start by considering the model of PST, in which households receive utility from numeraire consumption and from the real quantity of housing. This is exactly the model of the previous section with the parameter restrictions ν = 0 and ψ = 1. After manipulation, the first order conditions collapse to:
Define the ratio of rental expenditures on housing to numeraire consumption as x t = r t k h,t /c m,t . We assume that the observed value of x t , call it x o t , is equal to the true value of x t plus classical measurement error, i.e. x o t = x t + e x,t . Also define e i ,t+1 as β times the difference of the expected and realized value of the term in brackets in equation (16) and e k,t+1 as β times the difference of the expected and realized value of the term in brackets in equation (17) . Given this notation, and assuming we use equation (14) to substitute for λ t , the first-order conditions of the model can be written as
We estimate the parameters of the model using GMM on the moment conditions implied by (18) specification of the model; our population estimates are taken from the web site of the U.S.
Census Bureau.
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Our real numeraire consumption and real housing stock data are not quite standard, and deserve more discussion. Our measure of numeraire consumption includes spending on durable goods, which has typically been excluded by other authors from numeraire consumption (PST, for example). We include expenditures on durable goods in our measure of numeraire consumption to be consistent with the specification that the only durable good used by households to produce home consumption is the stock of housing. With respect to housing, a more commonly used measure of the stock of housing (see Greenwood et. al. 1995, for example) is an estimate of the stock of "Residential Fixed Assets" that is produced by the
Bureau of Economic Analysis (BEA).
10 This BEA estimate includes only the replacement cost of physical structures and does not include the stock of land in residential use. We use the Davis and Heathcote data specifically because it includes land, and thus is conceptually consistent with the NIPA data on consumption of housing services.
11 Table 1 compares our measures of growth in per-capita numeraire consumption and in the per-capita real stock of housing ("measure 1") to growth in the more commonly used measures ("measure 2"). There are a few differences. Our measure of numeraire consumption (column 1) increases more rapidly and is more volatile than the measure excluding durables (column 2), and our measure of housing (column 3) increases at a less rapid rate and is less volatile than the measure of housing structures that excludes land (column 4). However, the correlation of the two measures of numeraire consumption growth and the two measures of growth of the housing stock is high, 0.80 for numeraire consumption and 0.99 for the housing stock. Although some parameter estimates change, almost all of our analysis and conclusions do not depend on the measure of numeraire consumption or housing we use in the analysis, and thus in the text that follows we focus on results from our preferred measures.
12 9 We convert the annual population estimates reported by the Census Bureau to quarterly by interpolation. 10 These BEA data are available at http://www.bea.gov/national/FA2004/index.asp. 11 The NIPA estimates total rental payments on housing, inclusive of payments to both structures and land. 12 As an important caveat to our results, we should note that a fairly common assumption in macroeconomic studies of home-production models (see Greenwood et. al. 1995 , for example) is that the stock of home capital
Results: Table 2 In both panels, the first four columns show the parameter estimates with standard errors in parentheses 13 and the middle two columns show the minimized value of the objective function and the p-value of the chi-squared test of the over-identifying restrictions. In the top panel, the rightmost two columns show 100 times the average of the error of equation (19) for the portfolio of stocks,ē st , and for the 3-month T-Bill,ē tb . In the bottom panel, the rightmost two columns show 100 times the average value of the error of equation (19) for small-cap value stocks,ē sh , and for large-cap growth stocks,ē bl .
In both the top and bottom panels, we use 2 instruments for equation (18) (19) is standard. We use a time trend as an instrument for equation (18) to ensure that our predicted values of r t k h,t /c m,t do not display a pronounced and counterfactual upward or downward trend over time, even though the fitted sample average value of r t k h,t /c m,t may be correct. 14 This moment condition helps to ensure that potential changes or extensions in our sample period do not, by necessity, impact our estimate of ρ.
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For computing the objective function, the weighted sum of squares of the moments, we estimate the variance-covariance matrix of the moments (the inverse of the optimal weighing includes both the stock of housing and the stock of durable goods. We do not test this measure of home capital because implicit rents on the stock of durable goods are not observed, and knowledge of rental expenditures on home capital is critical to some of our identification procedures. We discuss issues related to identification later in the text. 13 We compute standard errors using the procedure described on page 415 of Hamilton (1994). 14 In Figure 1 , discussed later, we graph the actual and fitted values of r t k h,t /c m,t . 15 In practice, this moment condition has the effect of eliminating values of ρ that are less than −1 from consideration.
matrix) using the Newey-West estimator described in Hamilton (1994) . 16 We use the Nelder- in order to compute the objective function. 17 We discard any parameter combinations in which the optimal weighing matrix can not be computed (i.e. where the determinant of the matrix to be inverted is zero). Table 2 reports the parameter estimates that, conditional on the procedure just described, minimize the objective function.
Equity Premium: We start our analysis with the estimates for the equity-premium shown in the top panel of Table 2 . We draw three conclusions from this panel. Value Premium: The bottom panel of Table 2 shows the results when the two financial 16 We use a bandwidth parameter (q) of 4 based on our sample size: See page 414 of Hamilton (1994). 17 Hansen et. al. (1996) document some finite sample properties of this kind of estimator, which they describe as a "continuous-updating" estimator; and, Pakes and Pollard (1989) document the conditions required for consistency of this estimator. 18 Under the null hypothesis, the sample size (128) times the minimized objective function is distributed as a chi-squared random variable with m − r degrees of freedom, where m is the number of moments (8 in our case) and r is the number of parameters (4). One final side note is that the two sets of estimates match historical variation in r t k h,t /c m,t a bit differently. In Figure 1 , we plot the observed (solid line) and predicted (dotted and dashed lines) ratio of housing expenditures to numeraire consumption expenditures, x t . In the equity premium case, the dotted red line, the model matches the long (but relatively small) decline in x t starting at about 1982. 19 In the case of the value premium, the longdashed green line, the predicted expenditure ratio is just about flat. Given that the ratio of k h,t /c m,t is declining over this period (not shown), the estimation algorithm fits the historical data on x t by setting ρ to be positive and close to zero (equity-premium) or statistically indistinguishable from zero (value-premium). Our estimates of a small but positive value for 
Define y t as the ratio of numeraire consumption to the value of leisure, c m,t /w t n t . If y t is measured with error such that the observed value of y t , denoted y o t , is equal to y t plus error e y,t , then the first-order conditions of the model can be written as:
where λ t is given by equation (21).
We use GMM to estimate the model parameters based on the moment conditions implied by equations (26) - (28); as before, we exclude moment conditions based on equation (29).
We estimate the parameters of the model twice, once for two financial assets in equation (28) corresponding to the equity premium case, a portfolio of stocks and 3-month Treasury Bills, and once for the two financial assets of the value premium case, portfolios of small-cap value and large-cap growth stocks.
Data:
The numeraire consumption, housing stock, and T-Bill data are the same as in the housing model without leisure. We derive market hours worked as a fraction of total discretionary time, l m,t , using data from the U.S. We assume a 35 hour work week for government employees to try to best align our estimate of aggregate hours worked with the (annual) estimate of hours worked in domestic industries that is published in the NIPA. 21 Figure 2 compares our annualized estimate, the solid line, with the NIPA estimate, the dotted line. Figure 2 shows that the two series track each other over time. Also, not shown, the cyclical movements of the two series are almost identical. In both cases, the standard deviation of the logged and HP-filtered series is 2.1 percent, and the correlation of the two logged and HP-filtered series is 0.98. 22 On average throughout our sample, we find that market work accounts for about 28-1/2 percent of total discretionary time (not shown), close to the estimate reported by Gomme and Rupert (2007) of 25-1/2 percent.
To compute the nominal wage rate per unit of market work, call it p c m,t w t , which is an estimate of nominal total wages paid per worker if workers spend all their discretionary time working, we start by assuming that GDP is produced as a Cobb-Douglas aggregate of market capital and market labor. Given this assumption, we calculate the nominal aggregate wage bill paid to market labor as the Gomme and Rupert (2006) Table 3 is identical to Table   2 , with the exception that in Table 3 we estimate an additional parameter, ν. The moment conditions and instruments for equations (27) and (28) are the same as in the housing model.
In addition, we add equation (26) with a constant as an instrument as a moment condition.
Thus, we estimate 5 parameters using 9 moment conditions. Our procedure to estimate the parameters of this model is identical to the procedure we use in the housing model Tables 2 with those in Table 3 shows that they are very nearly identical. An intuitive explanation for these similarities is as follows. The two moment conditions for equation (27) 5 Home Production Model: ν > 0 and 0 < ψ < 1
To test the unrestricted home production model, we must first identify time spent working at home, l h,t , and home productivity, z h,t , neither of which is observed. To identify these data, we proceed as if two of the first-order conditions of the model exactly hold every period, enabling us to identify z h,t and l h,t every period.
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Specifically, we assume there is no gap between the predicted and actual ratio of rental expenditures to numeraire consumption. We divide equation (11) by equation (8) 
Equation (30) shows that at any combination of values of γ, ψ, and ρ, and given data on x t = r t k h,t /c m,t , we can determine the value of c h,t such that equation (30) exactly holds.
With data on c h,t and c m,t ,ĉ t is determined via the CES-aggregator for home and numeraire consumption, equation (2) .
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We also divide the first-order condition for home hours, equation (10), by the first-order condition for market hours, equation (9) to uncover the following relationship between home hours worked, l h,t , and leisure, n t :
Equation (31) shows that given values of γ, ψ, and ρ, and given c h,t and thusĉ t based on equation (30), we can determine l h,t /n t . Since n t = 1 − l m,t − l h,t , we can use equation (31) to solve directly for l h,t . Finally, given l h,t and c h,t , and given an estimate of ψ, we can solve for z h,t based on the production function for home consumption, equation (4).
The remaining first-order conditions we can use in estimation and testing of the model 23 Ingram et. al. (1997) also use the first-order conditions of a home-production model to identify time-series changes in home hours and home productivity. 24 Note that the variation in the ratio of rental expenditures to numeraire consumption necessarily implies
where
andĉ t and l h,t are defined implicitly by equations (30) and (31).
As with the previous GMM systems, we will not use equation (34) 
to estimate all model parameters.
In summary, in the housing-model tests of the two previous sections, we use the gap between the observed and predicted value of x t as a moment condition to estimate parameters and test the model. In this home-production application, we assume the actual and predicted values of x t always align, such that we can use x t to infer the missing data on home hours and home productivity.
Before we review our results, we note that our direct use of the expenditure data in estimation implies that the parameter γ is not identified. To see this, define the variable χ t as
Given a value for ψ, equation (30) shows that χ t is directly measurable from NIPA data as
With χ t defined as in equation (38), the ratio of home labor to leisure has the simple expression
Further,ĉ t can be expressed as (see equation 2)
So, why is γ unidentified? The marginal utility of numeraire consumption, λ t , reduces to
and thus the pricing kernel for assets to be used in tests of equation (37) can be constructed
which does not include γ anywhere. Further, given the definition of χ t , c m,t / (w t n t ) reduces to c m,t w t n t = 1 ν
and equation (36) can be rewritten as
which also does not include γ anywhere. Thus, γ is unidentified because it does not appear in any of the moment conditions that we use to estimate the parameters of the model.
As an aside, note that our use of χ t in constructing the pricing kernel in equation (43) is almost identical to the use of the simulated expenditure-ratio data in the construction of the pricing kernel of PST, 25 with two exceptions. First, χ t is not exactly the ratio of rental-expenditures to numeraire consumption. Rather, it is equal to that ratio dividend by capital's share of home production, which is 1.0 in the case of PST. Second, the last term in our pricing kernel, equation (43), is related to changes in leisure; this term reduces to 1.0 if ν = 0. Thus, one can view our results in this section as GMM-based tests of an unrestricted version of the PST procedure.
Results: Table 4 
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Equity Premium and Value Premium: The layout of Table 4 is essentially identical to that of the previous tables, with the exception that estimates and standard errors of ψ replace those of γ in the fourth column. In both the top and bottom panels, we estimate the parameters of the model using 7 moment conditions for equations (36) and (37), the same moment conditions as with equations (26) and (28) in the housing model with leisure. times the values ofē st andē tb are both greater than 5 in absolute value at the optimal estimates. We believe this occurs because the optimal weighing matrix places negative and equal weights on some of the moments.
Note that almost all of the results we have reported for the housing model with and without leisure do not change if we switch from a bandwidth parameter of 4 to a bandwidth parameter of 1. 27 For example, when σ = 15 and ρ = −0.1, the expenditure-ratio variable in the pricing kernel (43) Fourth, even despite all these caveats, it seems that the home production model might be capable of providing some insight as to some of the source of the historical equity-and value-premiums. In the case of the equity premium, the sum of 100 times the average stock and t-bill errors, 1.78 percent per quarter (= 1.69 + 0.09) is about one percentage point less than the equity premium itself, 2.64 percentage points per quarter. For the value premium, the sum of 100 times the average stock and t-bill errors is 1.61 percent per quarter, (= 1.28 + 0.33), about 1/2 percentage point less than the historical value premium over this sample, 2.12 percentage points per quarter. Thus, the model, although soundly rejected, can account for about 1/3 of the historical equity premium (= 1 − 1.78/2.64) and 1/4 of the value premium (= 1 − 1.61/2.12), albeit at different parameter estimates.
As a final note, we consider the implications of ρ = 0, such that the per-period utility function of the representative agent collapses to
With ρ = 0, the model predicts
29 We discuss the issue of time spent working at home later in the text. 30 The estimate of Gomme and Rupert is based on data reported in Juster and Stafford (1985) .
(see equation 30), and thus the model treats variation in the data of this ratio as measurement error. Even though hours worked at home can be identified from equation (31) as,
there is no way the shock to home productivity z t can be identified using only intra-temporal first order conditions. The intuitive reason for this result is that equation (46) can be rewritten as
Thus, when ρ = 0, the home productivity shock shifts utility around over time, but serves no other role. Since we cannot identify Z t from available data, we do not pursue further tests of the equity-and value-premium puzzles under the restriction that ρ = 0.
Concluding Remarks
In this paper, we have derived the household first-order conditions for a frictionless representativeagent home-production model. Using GMM, we have tested if the home production model can explain either the premium paid to a portfolio of stocks over a 3-month Treasury bill, or the premium paid to small-cap value stocks over large-cap growth stocks. We have tested the model assuming that the labor share in home production is zero (the "housing model,"
with and without leisure), a case in which all data are directly observable, and we have tested the model allowing the labor share in home production to be greater than zero (the "home production" model), in which we use NIPA data on the ratio of rental expenditures to numeraire consumption and assume two first-order conditions of the model hold with equality in order to infer time spent working at home and home productivity. In all our tests and procedures, we reject the over-identifying restrictions of the model. In the case of the housing model with and without leisure, we find that the model cannot explain any of the equity or value premium. In the full home production model, the model can explain about 1/4 to 1/3 of the historical value and equity premium. However, the estimated parameters are far from those typically used in macroeconomic models with a home-production sector, and at our parameter estimates, the predicted fraction of discretionary time spent working at home is very different from estimates in the literature based on time-use surveys. Taken together, we conclude that the representative-agent home production model has little to say about the source or nature of the equity-or value-premium puzzles. .20
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